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Following t he  r e l e a s e  of t h e  Wharton Econometric Forecasting 
Associatesf (EFA) Automobile Demand Model and i t s  computer program, 
staff  of the The University of Michigan Highway Safety Research Institute 
(HSRI) undertook an analysis of that  model. Concurrent with the HSRI 
analysis, W har ton EF A developed the Motor Vehicle Demand Models Mark 
I and 11. These latter models a re  revised and extended versions of the 
Automobile Demand Model. The purpose of this paper is to outline the 
differences among the Wharton EFA Automobile Demand Model and the 
1978 Wharton EFA Motor Vehicle Demand Models. 
It is assumed that  the reader is familiar with t h e  Wharton EFA 
Automobile Demand Model and the HSRI analysis of that  model. The 
reader who is unfamiliar with this research is referred to the Automobile 
Demand Model documentation (Schink and Loxley 1977) and the HSRI 
analysis (Golornb et  al. 1979). This paper is based on those reports  and 
the Motor Vehicle Demand Model (Mark I) draft documentation (Loxley et  
a l .  1978) and t h e  Motor Vehicle Demarld Model (Mark 11) d r a f t  
document  a t i on  (Loxley, Osiecki, and Rodenrys 1978). The computer 
programs of the Motor Vehicle Demand Models a r e  unavailable a t  the 
time of this writing. 
This paper is primarily a descriptive outline of the differences among 
the models and is not intended to  be an analysis of the new models. 
Based on the information available i n  the draf t  documentation of the 
Mark I and Illark 11, the following questions are addressed: 
What are the changes made in the revised models? 
Do these changes address the weaknesses of the original 
model? 
The two new Motor Vehicle Demand Model reports, Mark I and Mark 
11, actually each contain several models. Multiple models exist because 
alternate equations for the same endogenous variable have been developed 
in several cases. 
The objective of the Mark I models is to better forecast the impacts 
of various federal policies on gasoline consumption, scrappage, vehicle 
miles traveled, and the demand for automobiles. The major differences 
between the original (1977) and the Mark I models tire that the revised 
behavioral equations are reestimated using data of a different time 
period, that passenger vans are removed from the vehicle data,  and that 
several alternative models are developed. 
The objective of the Mark I1 models is to forecast the impact of 
various federal policies on gasoline consumption, scrappage, vehicle miles 
traveled, and the demand for both automobiles and light-duty t rucks 
(LDTs). Thus, the major difference between the Mark I1 models and the 
other models is the capability of forecasting the impact of potential 
federal laws regulating LDTs. 
This paper is organized as  follows: Chapter  Two contains  a 
comparison of the original model and the models presented in the Mark I 
report. In Chapter Three the Mark II models are discussed in the context 
of the original and Mark I models. The findings are summarized in 
Chapter Four. 
CHAPTER TWO 
THE MARK I MODELS 
The Mark I models, unlike the Automobile Demand (original) model, 
concern only the automobile market. Thus, one effort in the development 
of those models was the removal of all trucks from the data used to 
estimate the equations of the original model. Passenger vans were 
included in the original model as full-size automobiles. Loxley et al. 
(1978 pp. 1-2) described the other objectives of their Mark I study as: 
(1) To the extent possible, add behavioral equation(s) for the 
share(s) of imported passenger automobiles, 
(2)  To the  extent  possible, add behavioral equations for 
scrappage by size class. 
(3) Adapt  t h e  model  to  allow exogenous changes in 
scrappage by size class. 
(4) Reest imate the desired-stock equation, replacing the 
family units variable with (a) licensed drivers; and (b) 
p o p u l a t i o n  over  age  s ixteen;  and compare these  
alternative formulations. 
(5 )  Develop a procedure for estimating annual baseline fuel 
consumption based on the  forecas ts  of f l ee t  fuel  
economy and vehicle miles traveled produced by the new 
model. 
(6) Develop an algorithm for linking the model output to the 
Wharton Annual Model macroeconomic expenditure and 
price components. 
(7 )  Modify the output tables to include the above changes, 
specif ical ly showing scrappage by class; gasol ine 
consumption; linkages to the Annual Model; imports as a 
share of total registrations; EPA fuel economy ratings by 
class; and the average total automobile price. 
(8) Present a baseline forecast and an alternative scenario 
specified by the contract monitor. 
(9) R e v i s e  and u p d a t e  t h e  da tabase ,  providing full  
documentation to TSC [Transportation Systems Center]. 
This sect ion presents a discussion of the attainment of the nine 
objectives and the removal of trucks from the data used in developing the 
original model. In addition to the listed objectives, Wharton EFA revised 
the equations estimating new registrations, scrappage, fuel efficiencies, 
snd prices. These revised equations are also presented and compared in 
this section. 
2.1 Removal of Truck Data 
The equations in the original model were estimated with data that 
include passenger vans as full-size automobiles. To remove these vans 
from the data, Wharton EFA estimated the stock of passenger vans in 
operation for each year of the sample period. This involved determining 
scrappage rates for vans of each vintage and new van sales, using data 
from Wards, Automotive News, and Chiltcn. In addition, Wharton EFA 
developed adjustment factors to ensure equality between actual and 
predicted van s crappage. 
The passenger van models included in  the original model as full-size 
automobiles, but excluded from the Mark I models, are the Plymouth 
Voyager, Dodge Sportsman, Ford Club Wagon, Chevrolet Sportvan, and 
Volkswagon Bus. The exclusion of these vans from the Mark I models 
reduces car registrations (both new and total) and the full-size-class 
market share (thus increasin.g the other size-class shares) as compared 
with the original model. 
2.2 Equations for Foreign and - Domestic Size-Class Shares 
In the original model, the foreign and domest ic  shares  a r e  s e t  
exogenously. The objective of the revisions in Mark I is to make the 
foreign and domestic shares endogenous. The original model contains five 
desired size-class share equations for the following shares: 
combined subcompact and cvrnpact, 




The domest ic  shares  a r e  defined as proportions of three size-class 
submarkets:  subcompact ,  compact ,  and luxury. Wharton EFAfs 
classification scheme is such that the midsize and full-size classes have 
no foreign entries. For the original model, Wharton EFA developed 
equations to estimate the desired domestic proportion of each size class. 
However, these equations produced poor results, and Wharton EFA made 
the proportions enter the model exogenously; that is, the domestic shares 
of the subcompact, compact, and luxury submarkets are set at forty-eight, 
ninety-three, and eighty-eight percent, respectively, over the period 1976 
to 2000. 
In the Mark I models, there is a desired-share equation for each of 
eight shares: foreign subcompact, domestic subcompact, foreign compact, 
domestic compact, domestic midsize, domestic full size, foreign luxury, 
and domestic luxury. Tables A-1 to A-8 show these equations and, where 
appli cable, the original equations are included for comparison purposes. In 
the Mark I study, Wharton EFA estimated more than one specification for 
severa l  of the  desired-share equations. The default and alternate 
equations are coded in the model computer program and indicated in the 
tables .  Thus, the program user can select alternates to the default 
equation. 
Loxley et al. (1978) report that the approach used in the Mark I study 
allows the determinants for each class of car (and the relative strengths 
of the determinants) to vary for foreign and domestic cars of a particular 
class. For example, the percent of the population living in  Standard 
Metropolitan S ta t i s t i ca l  Areas (SMSAs) may be a more important 
determinant of the share of foreign luxury cars than domestic luxury cars. 
The second difference between the desired-share equations of the 
original and Mark I models is the change in the relative capitalized cost 
per mile variable (CPM). In the original model, the cost variable was the 
CPM of a car of class i relative to a weighted average CPM of cars of 
all classes other than class i. The Mark I cost variables limit this cost 
comparison to only sssumed substitutes of the class being estimated. 
Thus, the relative cost variables for the Mark I models are as follows: 
For Subcompact: Relative to a weighted average of other (i.e., 
foreign or domestic) subcompact and compact 
class CPMs. 
For Compact: Relative to a weighted average of subcompact, 
midsize? and other compact class CPI\IIs. 
For Midsize: Relative to a weighted average of all other class 
CPMs. 
For Full-size: Relative to a weighted average of midsize and 
luxury class CPMs. 
For Luxury: Relative to a weighted average of midsize, full 
size, and other luxury class CPMs. 
The revised desired-share equations required that the actual share (new 
registrations by size class) equations be revised. The ac tua l  share  
equations are also affected by data revisions (change of time periods and 
removal of passenger vans) and the recent increases in the relative prices 
of foreign cars. These revised equations and, where applicable, the 
original equations appear in Tables A-9 through A-15. 
In the original model, the five actual share equations are for combined 
subcompact and compact ,  midsize, full-size,  and luxury, and t h e  
subcompact share of the combined share. The Mark I models have seven 
actual share equations: foreign subcompact, domest ic  subcompact ,  
domestic compact, domestic midsize, domestic full-size, domestic luxury, 
and combined foreign compact and foreign luxury. The foreign compact 
and luxury shares are combined under the Wharton E F A  classification 
scheme because in recent years the higher prices of imported compacts 
have pushed those cars into the luxury class. 
The original model's weaknesses related to the estimation of size-class 
shares as stated by Golomb et al. (1979) are basically: (1) the stock 
adjustment approach does not work for modeling new car market shares 
or the foreign and domestic shares; (2 )  the desired share equations do not 
consider the potentiai substitutability between used cars and the low-price 
end of the new car market; and (3 )  the estimates of size-class market 
shares are subject to large errors. 
The Mark I models again estimate new car market shares using the 
questionable stock adjustment approach. However, t he  foreign and 
domest ic  shares  a r e  determined endogenously. The substitutability 
between used cars and the low price end of the new car market is again 
not considered. The Mark I modelsT capability of producing accurate 
forecasts of size-class market shares can be examined by comparing 
historical values with the models1 ex ante forecasts; that comparison is 
outside the scope of this brief review. 
2.3 Scrappage Estimates by Size Class 
Wharton EFA reports that they were unable to do a behavioral analysis 
of scrappage by size cless in the Mark I "because of inadequate and 
nonexistent data." Therefore, scrappage by size class is determined by a 
set of identities. 
2.4 Exogenous Adjustments to the Scrappage Estimates 
Wharton EFA modified the Mark I models to allow scrappage by size 
class to  be adjusted exogenously. This modification to the Mark I 
computer program would allow a user to override a portion of the model's 
structure. 
2.5 Desired-Stock Equations 
In the Mark I study, several formulations of the desired automobile 
stock equation were estimated for experimental purposes. The original 
model has the desired stock per family unit as the dependent variable. 
The independent variables are disposable income per family unit, nonauto 
commuters per family unit, licensed drivers per family unit, percent of 
the population with incomes greater than $15,000, percent populaton living 
in S MS As, and the desired-share-w eighted capitalized cost per mile. 
(Family units are the sum of families and unrelated individuals.) The 
equations in both the original and Mark I models are estimated with 1972 
cross-section state data (excluding Oklahoma, Alaska, and Hawaii). The 
Mark I s tudy contained e s t ima tes  of desired stock based on four 
formulations: 
(A) The same specification as in the original model with the 
differences in the values of the coefficients resulting 
from the revised data (i.e., no trucks). 
(B) The same specification as in the original model, except 
licensed drivers is used instead of family units, and the 
variable, number of licensed drivers, is excluded. 
( C )  The same specification as in  the original model, except 
population sixteen years of age and older is used instead 
of family units. 
(D) The same specification as in the original model, except 
population between sixteen and sixty-four years of age is 
used instead of family units. 
Table A-16 cmntains these four equations, plus the equation from the 
original model for comparison purposes. The model authors report that 
the estimated coefficients are  "amazingly robust" across the equations. 
How ever, while the point estimates are generally close computationally, 
statistical interpretations can differ. In equation B, the coefficient on 
the variable, percent population with incomes greater than $15,000, is 
significantly different from zero at the one percent level. In equation C ,  
that coefficient is not significantly different from zero at the ten percent 
level. 
However, a more important  issue is the  benefits derived from 
estimating the various formulations. With the specifications of t h e  
equations generally changing only as a result of changes in the population 
scalar (e.g., famiiy units), the closeness of the point estimates indicates 
tha t  the scalars are highly correlated across states. The estimation 
results do not produce additional behavioral information about au to  
ownership. 
The computer program of the Mark I models, as described in the 
documentation, includes only equation A as an a l t e rna t ive  to  t h e  
es t imated  equation of the original model; the other equations were 
estimated solely as part of an experiment and are included in Table A-16 
only for conlparison purposes. 
As in the original model, the Mark I desired-stock equation is used to 
develop estimates of the desired stock over both the sample and forecast 
periods. Adjustments are made to ensure that over time the percent of 
families with incomes of $15,000 or more is at least 20 percent, and that  
the desired and actual stocks are  equal in 1972. A comparison of the 
original and Mark I historical desired stock series appears in Table A-17. 
Over the period of 1958 to 1968, the Mark I desired-stock estimates are 
as much as 2.8 million vehicles (or 5%) higher than the original estimates 
even though the small van stock is absent. Over the period 1969 to 1974, 
the Mark I estimates are lower than the original estimates, with the 
differences as large as 1.8 million vehicles (or 2%). 
The Mark I revision of the desired-stock equation does not remove the 
weaknesses identified by Golomb et al. (1979). That study criticized the 
original equations for being estimated over cross-section s ta te  data that 
has minimal variation due to fundamental differences in prices, taxes, etc. 
They concluded that this implies that re lat ionships c r i t i ca l  to  t h e  
simulation of most policy scenarios are a deficient representation of 
reality. Since the Mark I equation is estimated over the same data (with 
the minor exception that passenger vans are absent), these criticisms 
remain applicable. 
As in the original model, the capitalized cost-per-mile coefficient in 
the Mark I equation is still less than its standard error. That is, the 
model implies t h a t  the  cost of auto ownership is not an important 
determinant of the desired stock. 
Golomb e t  al. (1979) repor t  t ha t  t he  original historical (albeit 
estimated) desired-stock ser ies  required a subs tant ia l  amount of 
adjustment to forecast over the sample period with reasonable accuracy; 
the future desired-stock series of the original model is also adjusted. 
While the Mark I documentation indicates some adjustments were made to 
the sample-period stock series, there is no indication that adjustments 
were made to the future desired-stock series. 
To summarize, the Mark I desired-stock equation has the  same 
specification as in the original model and only minor differences in the 
values of the coefficients. The criticisms of the original equation remain 
appliable to the Mark I equation. 
2.6 Equations for Fuel Consumption and Vehicle Miles Traveled 
Objective ( 5 )  calls for the development of a procedure estimating 
annual gasoline consumption based on fleet fuel economy and vehicle 
miles traveled (VMT). To do this, Wharton EFA substantially revised the 
original model's VMT equation and developed an algorithm to estimate 
gasoline consunp tion. 
The original model has one equation that estimates VMT per family as 
a function of a constant mileage-weighted sum of vehicle  miles b y  
vintage per family uni t ,  r ea l  gasoline cost per mile, an income 
distribution variable, and real disposable permanent income per family 
unit, The Mark I models have two VMT equations: one each for rural 
and urban miles traveled per midyear stock of cars. Urban mileage is 
estimated as a function of real gasoline cost per mile (using city fleet 
average MPG),  real disposable income per capi ta  in t h e  form of a 
three-year moving average, and licensed drivers per vehicle weighted by 
the percent of the population living in metropolitan areas. Rural mileage 
is estimated as a function of real gasoline cost per mile (using highway 
fleet average MPG), iicensed drivers per vehicle, income distribution, and 
total  interstate road mileage per vehicle. These equations appear in 
Tab1.e~ A-18 and A-19. 
Total VMT is determined es follows: 
Total VMT = (VMTR/ K + VMTU/ K) x KMID 
where 
?'P.dTR/K = rural VMT per midyear stock of vehicles 
VMTR/K = urban VMT per midyear stock of vehicles 
KMID = midyear stock of vehicles in operation 
Golomb et al. (1979) are critical of the structural content of the VMT 
equation in the original model. They observe that the coefficients of the 
estimated eqwation are negative for income and positive for income 
distribution. As part of the substantial revisions to the approach in 
forecasting VMT, Wharton EFA has eliminated the possibility of perverse 
signs by including only the income variable in each of the VMT equations, 
and each has the expected positive sign. 
Unlike the original model, the Mark I models contain an algorithm to 
estimate fuel consumption based on VMT and fuel  eff ic iencies .  In  
developing the algorithm, the model authors made two assumptions. First, 
the fuel economy of a car does not change over time. Second, t h e  
scrappage rates are the same across all classes of a particular vintage 
(i.e., model year). The Mark I models compute gasoline consumption as 
follows: 
20 
GASAUTO = M / K  E (KVi x Mi x 
i= 0 
where 
GASAUTO = gasoline consumed by automobiles 
M/K = estimated average miles traveled per vehicle in a 
particular year 
KV = number of vehicles in vintage i 
M = distr ibut ion f a c t o r ,  r e f l ec t ing  miles driven by 
vintage i 
AVTTMPG = average mpg for vintage i cars (harmonic mean with 
the shares by class as weights) 
In equation 2 . 2 ,  the values of GASAUTO over the sample period are 
known, the values of M are held constant, and K V  and AVTTMPG are  
model projections. M/K is different; its values should be close to average 
miles per vehicle but are neither known nor projected by the model a t  
this point. Wharton EFA then uses M/K as the equilibrating mechanism 
to ensure that the model's projections of K V  and AVTTMPG will 
produce reasonably accurate estimates of gasoline consumption. To 
accomplish this, Wharton EFA developed estimates of M / K  over the  
sample period as follows: 
Once Wharton EFA derived historical values for M/K, they were able to 
estimate an equation relating M/K to VMTIK. That estimated equation is: 
R *  = 0.966 DW = 2.099 SEE = 0.0064762 Period = 1956 to  1976 
where t-statistics are in parentheses and 
VMT/K = vehicle miles traveled per midyear s tock of 
vehicles 
DUM59.64 = dummy variable equal t o  one if the observation 
is from the years 1959 to 1964, otherwise zero 
DUlJ74.75 = dummy variable equal to one if the observation 
is from the years 1974 or 1975, otherwise zero 
DUM73 = dummy variable equal to one if the observation 
is from 1973, otherwise zero 
For the forecast period of the Mark I models, equation (2.4) estimates 
M/K using the forecasts for 'JMT per vehicle. The M / K  estimate is then 
used in equation (2.2) to compute an estimate of gasoline consumption. 
2.7 Linkages to the Wharton Annual Model 
Objective (6 )  calls for the development of an algorithm linking the 
output of the Mark I models to the Wharton Annual Model macroeconomic 
expenditure and price components. Wharton EFA developed three points 
of direct contact between the Mark I and Annual Models: automobile 
purchase prices, expenditures on automobiles, and expenditures on gasoline 
cwnsumption. While the documentation does not mention whether the 
Mark I models produce feedback to the  Annual Model, personal 
correspondence with the model authors indicates that this interaction is 
only one way: Annual Model forecasts are used as exogenous inputs to  
the Mark I models. The algorithm linking the models consists of a group 
of identities and six estimated equations. These linkages are a significant 
revision to the original model, but a review of them is outside the scope 
of this paper.  The in teres ted  reader  is re fer red  to t h e  mode l  
documentation for the form and derivation of the equations. 
2.8 Modification of Output Tables 
Objective ( 7 )  appears to be a computer programming task. The output 
tables were modified to specifically show gasoline consumption, Annual 
Model l inkages,  imports as a share of total registrations, EPA fuel 
economy ratings by class, the average total automobile price, and other 
changes made by Wharton EFA (e.g., exogenous changes in scrappage by 
class). 
2.9 Baseline and Alternative Scenario Forecasts 
A preliminary forecast is contained in the Mark I documentation. 
Presumably, this is the baseline case to be compared with alternative 
policy scenarios. Since the alternative scenario was not specified by the 
contract monitor prior to the draft publication deadline, it is not included 
in the documentation. 
2.10 Database Update 
The preliminary forecast presented in the Mark I draft documentation 
is based on an updated version of the 1977 database. These values of the 
exogenous variables are revised to consider the latest forecasts developed 
in conjunction with the Wharton Annual Model. The demographic 
variables  affected include number of families, unrelated individuals, 
licensed drivers, and total population. The modelsf economic variables are  
affected by the updated assumptions of growth in gross national product, 
inf lat ion,  and gasoline prices.  In addition, exogenous  v e h i c l e  
characteristic variables are affected by the recent downsizing trends. 
These trends include lower vehicle weight, decreased engine displacement, 
relatively more cars with manual transmissions, and a higher percentage 
of cars having four or six cylinders. These revised data are documented 
in the Mark I report. 
2.U New-Registrations Equation 
Although they did not specifically so state in the objectives, Wharton 
EFA modified several equations or groups of equations in the Mark I 
models. These estimate new-registrations, scrappage, fuel efficiencies, 
and automobile prices. The revised new-registrations equation is discussed 
next, while the latter equations are presented in the following subsections. 
The specification of the new-car-registrations equation is the same in 
both the  Mark I and original models. However, the Mark I models1 
estimates of the coefficients differ from those of the original model, for 
two reasons. First, the sample period is changed from 1954-1974 to 
1959-1975 for the Mark I models, Second, as previously discussed, the 
Mark I sample data exclude passenger vans (recall that passenger vans 
were included in the original model as full-size automobiles). Table A-20 
contains these equations. 
Prices enter the new-registrations equation indirectly through the 
desired-stock variable and directly through the pri ce-change variable. In 
their analysis of the original model, Golomb et al. (1979) simulated a 
long-run price change that boosts all future prices by one percent. The 
output shows a large short-run impact attributable to the price-change 
variable and a small long-run impact transmitted through the desired-stock 
variable.  Because of this and the weaknesses of the desired-stock 
equation, Golomb et al. conclude that the model is price insensitive and 
s t a t e  t h a t  they had l i t t le  confidence in the model's estimated price 
elasticities. With the Mark I specification of the new-registrations 
e q u a t i o n s  unchanged, and a similar desired-stock equation, t he  
shortcomings of the original model likely carry through to the Mark I 
models. 
2.12 Scrappage Equation 
The specification of the aggregate scrappage equation remains the 
same in the Mark I models as in the original model. However, t h e  
estimated coefficients are different because of the two revisions in the 
data. The revisions are the previously mentioned removal of passenger 
vans, and a change of sample periods from 1958-1974 to 1959-1975. The 
estimated coefficients appear in Table A-21. 
2.13 Fuel-Efficiency Equations 
For the Mark I models, Wharton EFA revised both on-the-road and 
U.S. Environmental Protection Agency (EPA) MPG equations. These 
equations are  numerous and not included in this paper. However, a brief 
description of their derivation is presented. The specific equations a re  
available in Loxley et al. (1978). 
Wharton EFA used the following procedure to develop the on-the-road 
equations for the original model: test  data by model from Consumer 
Reports are used to estimate two cross-section equations (for city and 
highway MPGs) as a function of inertia weight, engine displacement, and 
dummy variables for automatic transmissions, four cylinders, six cylinders, 
and particular years (sometimes groups of years) over the period of 1950 
to 1975; to develop MPGs for all model cars (Consumer Reports does not 
e s t i m a t e  MPGs f o r  a l l  models), Whar ton  EFA s u b s t i t u t e d  t h e  
character isti cs of each model into the cross-section equations. These 
MPG estimates by model car are used to calculate sales-weighted MPGs 
by size class for each year in the sample period, Then, these class MPGs 
are used to estimate time-series on-the-road MPG equations (for city and 
highway MPG by class) that have the same variables as the cross-section 
equations. Note that the time-series equations have different values of 
the coefficients than do the cross-section equations. 
The Mark I on-the-road MPG equations are  derived using a similar 
procedure with the following exceptions: First, Wharton EFA reports that 
since the Consumer Reports test procedure changed in 1967, the test data 
over the 1950-1977 period are incompatible; thus, the revised crosssection 
equations are estimated on da ta  from 1967 to  1977. Second, t h e  
specifications of both the cross-section and time-series equations are 
changed: dummy variables for several years were eliminated and new 
ones were added to reflect the change in sample periods, 
The effect of these two changes is to make the on-the-road MPG 
response to weight reductions much greater in the Mark I models than in 
the original model. In fact, the estimated increase in city MPG for a 
given weight reduction is almost fifty percent greater in the Mark I 
models . 
For the original model, the EPA MPG estimates are developed as 
follows: Using 1975 and 1976 data, the EPA MPGs are estimated as a 
function of the Consumer Reports MPG estimates; then EPA MPGs for 
each class are estimated by subs t i tu t ing  Consumer Reports-based 
size-class MPGs into the equations. Wharton EFA notes three weaknesses 
of this approach: the small sample size (fifty observations covering two 
years), the lack of an adjustment method when the pooled cross-section 
results are developed into a time series, and the pure correlation aspects 
of the approach (since the EPA MPGs were estimated solely as a function 
of the Consumer Reports-based MPG). 
For the Mark I models, Wharton EFA used two different approaches: 
one similar to the method used for on-the-road MPGs and one similar to 
the method used to develop the EPA MPGs in the original model. Using 
the on-the-road approach, Wharton EFA estimated EPA MPGs (city and 
highway) as a function of inertia weight, engine displacement, and dummy 
variables for transmission type, number of cylinders, and the years 1975 
and 1976, The data used in the regressions are a pooled cross-section of 
ninety-four observations from the model years 1975 to 1977. The EPA 
MPG time series is then developed in ffexactly the same manner" as the 
on-the-road MPGs. 
The second approach, similar to the one used for the original model, 
estimates EPA MPG as a function of the on-the-road MPGs for both city 
and highway. The cross-section equations are estimated with 1975-1977 
data. These equations are coded in the computer program as alternates. 
To summarize,  the revisions to the fuel efficiency equations are 
substantial. If the revised equations forecast more accurately, then the 
Mark I model's capability for policy analysis (particularly, for example, 
regarding Energy Policy and Conservation Act standards) is enhanced. 
2.14 Automobile-Price Equations 
The Mark I models contain revised equations (by size class) for 
automobile base prices, options expenditures,  and new automobile  
transportation charges. The specifications of these equations remain 
generally the same as in the original model except for the  foreign 
base-price equations. The original model has foreign base prices as a 
function of a weighted average of a foreign car export price index. The 
Mark I models have foreign base prices as a function of a price deflator 
for imported manufactured goods, The o ther  pr ice and options 
expenditure equations differ because of different sample periods and minor 
specification changes (i.e., elimination of some dummy variables for  
certain years). These equations appear in Tables A-22 to A-31. 
In addition, Wharton EFA incorporated into the Mark I models four 
new independent equations predicting the operating cost component price 
indexes using Wharton Annual Model price deflators. The insurance and 
parking plus miscellaneous price indexes are functions of the implicit 
deflator for consumer expenditures on services. The maintenance and 
motor oil pr ice indexes are related to the implicit deflator for all 
consumer expenditures. These equations are estimated over the period 
1960 to 1976 and are shown in Tables A-32 and A-33. 
The new automobile transportation cost equations have also been 
revised for the Mark I models. Those equations as well as the original 
model equations appear in Tables A-34 to A-38. The differences in the 
equations are due solely to the longer sample period used for the Mark I 
models: additional observations from 1975-1976 are included. Wharton 
EFA observes that the transportation charges (by class) are tending to 
move closer together over time and that they have incorporated this 
trend into the Mark I models. Because of this, Wharton EFA introduced 
the constraint "that the charges for each class may never exceed those 
for the  next (more expensive) class within the domestic and foreign 
groupsn (Loxley et al. 1978). 
2.15 Summary 
In the Mark I study, Wharton EFA revised many of the equations of 
the original Automobile Demand Model. These revisions range from minor 
to substantial. Equations that are substantially revised are size-class 
market shares, foreign and domestic shares, vehicle miles traveled, and 
fuel  efficiencies.  In addition, the  Mark I models forecas t  fuel 
consumption, which the original model did not. Other equations received 
minor revisions; these include desired automobile stock, new registrations, 
scrappage, and price equations. 
Golomb et al. (1979) noted several weaknesses in the equations for 
desired auto stock, new registrations, scrappage, and price. Review of 
the available draft Mark I documentation indicates that many of these 
weaknesses remain. Of course, the model may change prior to  the  
completion of its final report, and conclusions cannot be drawn without 
careful examination of the final documentation and com put er program of 
the model. 
CHAPTER THREE 
THE MARK I1 MODELS 
The objective of the Mark I1 study is the development of the Wharton 
EFA Vehicle Demand Models (Mark II), which include the demand for both 
automobiles and light-duty trucks (LDTs). Recall that the Mark I models 
included only automobiles and that the original model included automobiles 
and passenger vans (passenger vans being one type of LDT). Wharton 
EFA describes the Mark I1 models as permitting "the assessment of the 
joint impacts on both cars and trucks of changes in government policies 
and the economic environment for the purposes of forecas t ing  and 
scenario analysis with respect to the AFER [Automobile Fuel Economy 
Regulation] program" (Loxley, Osiecki, and Rodenrys 1978). 
To attain the objective, Wharton EFA added LDT-related variables to 
the data base, changed the sample period, and developed an approach 
using econometr ic  equat ions for desired stocks, new registrations, 
scrappage, vehicle miles traveled, and prices for personal vehicles ,  
automobiles, and LDTs. These equations as well as the coverage and 
assumptions of the Mark I1 are discussed in the following sections. 
3.1 Coverage of the Models 
The Mark I1 study splits the light-duty vehicle market into personal 
vehicles and commercial-use vehicles. Personal vehicles are automobiles 
and personal-use LDTs such as the lighter vans and pickups, and all sport 
utility vehicles. Wharton EFA classified all LDTs under 10,000 pounds 
gross vehicle weight ( G V W )  by model name plate. The models classified 
as personal-use LDTs appear in Table 3-1. Those GVW class 1 and 2 truck 
models not appearing in  Table 3-1 are classified as commercial-use LDTs. 
Wharton EFA notes tha t  this c lassif icat ion scheme was based on 
availability of data and is subject to revision. 
TABLE 3-1 
PERSONAL-USE L IGHT-DUTY TRUCKS BY MODEL 
Passenger vans included i n  automobile r e g i s t r a t i o n s :  
Plymouth Voyager 
Dodge Sportvan 
Ford Club Wagon 
Chevrolet Sportvan 
Volkswagen Bus 
The following GVW Class 1 and 2 t ruck  models (1977): 
Chevrolet:  Vans 




Dodge : Vans 
Tra.il Duster 
Ramcharger 








Spr in t  
I n t e r n a t i o n a l :  
Scout 




A l l  Imports 
Source: Loxley, Osiecki ,  and Rodenrys 1978, Table A 1  
3.2 Desired-Stock Equations 
As with Motor Vehicle Demand Models  a ark I) and the Automobile 
Demand Model, the Mark I1 models are based on a stock-adjustment 
process requiring estimates of desired stock. For the Mark 11 models, 
Wharton EFA estimated three desired-stock equations for personal vehicles 
(which a r e  personal-use LDTs plus automobiles), automobiles, and 
commercial-use LDTs, using cross-section da ta  from 1976. These 
equations appear in Table B-1 of Appendix B. 
The desired stocks of automobiles and personal vehicles are functions 
of real disposable income per licensed driver, cost per mile of vehicle 
operation (by type of vehicle--i.e., automobile or personal vehicle), and 
per centage of the population earning $15,000 or more. The automobile 
desired-stock equation of the Mark II models differs from that used in the 
Mark I models in several ways. First, the cost-per-mile variable in the 
Mark 11 models includes registration fees and personal property taxes. 
Second, the Mark I1 formulation is in terms of stock per licensed driver 
rather than per family unit. This is probably a minor issue since the 
Mark I study showed that for 1972, the number of licensed drivers and 
number of family units are highly correlated across states. In addition, 
the following independent variables are not included: licensed drivers per 
family unit and nonauto commuters per family unit. Third, for the Mark 
I1 models, t he  equation was estimated using 1976 rather than 1972 
cross-section data, 
The desired stock of commercial-use vehicles is specified to be a 
function of the percentage of the population living in SMSAs; the  
percentage  of road mileage in rural  areas; the percentage of the 
population over sixty-five years old; and income earned in agriculture, 
construction, wholesale and retail trade, and services, divided by the cost 
per mile of commercial-use vehicle operation. 
In Mark 11, the  desired stock of personal-use LDT is equal to a 
residual (i.e., the difference between the desired stock of personal 
vehicles and automobiles). Wharton EFA notes that this process is tfless 
desirablev than a ratio (personal-use LDTs to automobiles) function but 
that its attempts to estimate such a function were unsuccessful. 
The desired-stock equations were used to develop-time series estimates 
in the same manner as in the Mark I study. However, in the Mark I1 
study the desired and actual personal vehicles and commercial-use LDTs 
are assumed to be in equilibrium in 1976. The automobile stocks, as i n  
the previous models, are assumed by Wharton EFA to be in equilibrium in 
1972. The income-saturation variable is constrained in the same manner 
as in the original and Mark I models. 
As a final note, the desired-share equations used in determining new 
automobile registrations by size class remain the same in the Mark I1 
models as in the Mark I models. These equations are based on 1972 
cross-section data and are assumed in equilibrium that year. 
3.3 New-Registration and Scrappage Equations 
As in the Mark I study, the new-registrations equations have the ra te  
of new registrations relative to prior-period stock less current scrappage 
as a function of the ratio of desired to existing stock, the rate of change 
in  real disposable income, the rate of change i n  vehicle prices, and a 
dummy variable for auto strikes. For commercial-use LDTs, income (or 
economic activity variable) is the same as for the desired-stock equation, 
and the auto strike dummy is not included. The new-regis trat ions 
equations appear in Table B-2. 
Personal-use LDTs are again calculated as a residual from personal 
vehicle and automobile estimates. Wharton EFA attempted to estimate 
a sepa ra t e  new personal-use LDT regis t ra t ions  equation but was 
unsuccessful. They d i d  e s t ima te  an equatjon re la t ing  new c a r  
registrations to new personal-use LDTs, but judged the elasticities as 
unreasonable. While this equation is contained in  Table B-3, it is not 
included in the models. 
Personal vehicle and automobile scrappage levels are estimated as 
functions of a retio of desired to existing stocks, average age of the 
vehicle, used car prices relative to the scrap metal price, uriemployment 
rate, ratio of current to lagged VR'IT per vehicle for the current and two 
prior periods, and dummy variables for auto strikes and the year 1973. 
The automobile scrappage equations in the Mark I and I1 models a r e  
different, in that (1) the Mark I equation does not have the two dummy 
variables, and ( 2 )  the Mark I1 model has a 1960-1976 ra the r  than a 
1959-1975 sample period. 
Commercial-use LDT scrappage is a function of the ratio of the 
desired to existing stock, the average age of commercial-use LDTs, and 
the recent trend in VMT per vehicle. All these scrappage equations 
appear in Table B-4. 
3.4 Vehicle-Miles-Traveled Equations 
The vehicle-miles-traveled equations appear in  Tables B-5 and 8-6. 
These four equations estimate urban and rural automobile miles traveled 
per family, and personal-use LDT and commercial-use LDT miles traveled 
per vehicle. For automobile miles traveled, the equations are different 
from the Mark I models where VMT is in per-vehicle terms and different 
independent variables are included; however, the same sample period is 
used for both the Mark I and II models. 
Personal-use LDT miles traveled are a function of gasoline cost per 
mile, percentage of the population earning more than $15,000, percentage 
of the population living in SMSAs, and a d u m m y  variable for the years 
1973 and 1974. Commercial-use LDT miles traveled are a function of 
gasoline cost per mile, relative commercial personal income (using income 
earned in agriculture, construction, etc.), and a d u m m y  variable for 
1973-1974. Thus, Wharton EFA finds that the determinants of VMT depend 
on the type of vehicle. 
3.5 Base-Price Equations 
Purchase-price equations were estimated for automobiles, personal-use 
LDTs, commercial GVW class 1 LDTs, and commercial G V W  class 2 LDTs. 
These four equations appear in Table B-7. Each vehicle price is a 
function of Wharton EFAfs index of motor vehicle industry costs that is 
derived from an input-output coefficient weighted combination of industry 
inputs. The Mark I1 price elasticity of input costs (es t imated  over 
1964-1976) is 1.19, while the Mark I elasticity (estimated over 1959-1976) is 
1.09. 
3.6 Major Assumptions and the Updated Database 
The major assumptions incorporated into the Mark II models are: 
1. Auto Fuel Economy 
The annual CAFE (corpora te  average fue l  economy) 
regulations through 1985 are assumed to be met through the 
automakers' downsizing program that reduces curb weight by 
20% and engine displacement b y  SO-4096, and increases  
on-the-road JlPG by 18% between 1978 and 1985. Thereafter, 
automobile MPGs are held constant at the 1985 levels. 
2. LDT Fuel Economy 
The LDT CAFE standards are assumed to be met through 
1982. Thereafter, the LDT MPGs are held constant a t  1982 
levels: 
Personal LDT 15.48 
Commercial GVW Class 1 16.20 
Commercial GVW Class 2 12.71 
The commercial G V W  class 2 LDTs are assumed to split 
evenly between those affected by the standards (i.e., under 
8,500 pounds) and those not affected by the standards. 
3 .  Imports 
Domestic subcompact sales are increased and import sales 
are reduced by 250,000 units starting in 1979-1980 to account 
for Volkswagen's U.S. production and the ''loss of  captive^.^' 
4. Passive Restraints 
Wharton EFA has assumed that the passive restraint safety 
standards will come into effect in 1982-1984 and tha t  t he  
standards will be met by the installation of airbags. This will 
increase base prices by about 3.5%. 
Wharton EFA has also incorporated forecasts of the Wharton Annual 
Model Control  Forecast of September 1978 into the Mark I1 models. 
These forecasts affect the demographic, fiscal and monetary policy, and 
energy variables in the model. 
3.7 Summary of Mark I1 
The Mark I1 study essentially extended the Motor Vehicle Demand 
Models (Mark I) to incorporate and forecast the demand for light-duty 
trucks (LDTs). Truck model nameplates were used to classify the LDTs 
by either personal or commercial use. Trucks within each class a r e  
assumed to have the same characteristics. Prices, purchase decisions, and 
life-cycle characteristics are used to distinguish the two truck classes. 
Thus, the Mark I1 models simulate policy impacts on different types of 
trucks as well as automobiles. Given the high degree of substitutability 
between automobiles and light trucks, the capability of simulating the 
substitute market impacts of various policies represents an advancement 
in motor vehicle demand modeling. 

CHAPTER FOUR 
SUMMARY OF FINDINGS 
1. ,The Wharton EFA Motor Vehicle Demand Models, Mark I and Mark 
11, are revisions of the Wharton EFA Automobile Demand Model, The 
Mark I models a r e  similar to the original model, except that some 
equations have been revised and the capability to fo recas t  gasoline 
consumption has been added. The Mark I1 models extend the Mark I 
models by incorporating the demand for light-duty trucks. 
2, Much of the  basic structure of the original automobile demand 
model has not been substantially revised in developing the new Motor 
Vehicle Demand Models. Thus, many of the major criticisms of the 
original model raised by Golomb et al. (1979) remain applicable to the 
newer models. The major revision of the original model's structure 
involves the foreign, domestic, and size-class market shares: the foreign 
and domestic shares are determined endogenously in the Mark I and Mark 
II models. 
3. The Mark I1 study produced a truck sector model that was appended 
to a revised Mark I model. The Mark I model was revised to  be 
compatible with the truck model; these revisions are relatively minor, 
The truck sector considers only light-duty trucks divided into two classes, 
personal and commercial use, The Mark II models break new ground by 
incorporating automobile and truck demands into a single analytical tool 
capable of simulating policy impacts on substitute vehicle markets. 
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TABLE A-17 
Estimated Desired Automobile Stock 1958-1975 
(Millions 
......................................................................... 
I Original  I Mark I 
Year I Mode 1 I Mode 1 
----------------------+--------------------------+------------------------ 
1958 I 55 ,9 I 58.7 
1959 1 58.0 I 60.1 
1960 I 60.2 I 62.2 
1961 I 61.8 I 63.1 
1962 I 63.6 I 65.0 
1963 I 65.8 I 67.4 
1964 I 68.4 I 70.2 
1965 I 71.5 I 73.2 
1966 I 74.2 I 75.8 
1967 I 76.3 I 77.9 
1968 I 78.3 I 78.6 
19 69 I 80.5 I 79.7 
1970 I 82.8 I 81.8 
1971 I 85.4 I 84 4 
1972 I 88.1 I 87.5 
1973 I 91 .O I 90.7* 
19 7 4 I 92.5 I 90.7* 
1975 I N A I 93 6 .......................................................................... 
Source: Loxley e t  a l .  1978, pp. 2-9. 
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TABLE A-27 
E q u a t i o n  f o r  Subcompact O p t i o n s  E x p e n d i t u r e s *  
( t-stat ist ics i n  p a r e n t h e s e s )  
I I INDEPENDENT VARIAl3LES . I STATISTICS 
I I---------------------------------------------------------------+------------------------------ 
tn MODEL / c o n s t a n t 1  l n ( R e a 1  I l n ( %  pop. I l n ( R e a 1  1 
CO 
1 I I 1 I 1 
1 I Average I Income ( ~ i s p o s a b l e )  Dummy I~ununy f o r l ~ u m m y  f o r l ~ d j u 2 t e d l  SEE 1 DW Isample 
I ) ~ u t o  p r i c e ) / >  - $15 ,000) (  Income) I f o r  19581 1959-61 1 1968-69 1 R I I 1 P e r i o d  
--------+--------+-----------+----------+----------+---------+---------+---------+--------+--------+-----+ 
Origina1127.4189 1 -4.63344 1-0.853868 1 2.92711 10.335403 10.288755 1 1 0.950 1 0.082312.210 119.58- 
( (7 .14)  1 (-7.39) 1 (-2.32) 1 (2 .40)  1 (2 .83)  1 (3 .42)  1 1 I I 1 1974 
--------+--------+-----------+----------+----------+---------+---------+---------+--------+--------+-----+ -- 
Mark I 140.3244 ) -6.69311 1 -1.94508 1 5.18096 1 I 1 0.71503 1 0.976 10.076767/2.215)1960- 
I ( l 0 . 0 3 )  1 (-9.82) ( - 5 1 0 )  1 (4 .76)  ( 1 1 (11.421 1 I I 1 1976 ................................................................................................................ 
Note: *Dependent v a r i a b l e  i s  i n  a l o g i t  form. 
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Equat ions  f o r  P a r k i n g  and Fees  Consumer P r i c e  Index  and 
Insurance  Consumer P r i c e  Index  
( t-stat ist ics i n  p a r e n t h e s e s )  
........................................................................................................... 
I I INDEPENDENT VARIABLES I STATISTICS 
I I-------------------------------------------------------+------------------------------ 
INDEX 1 Constant  1 ~ ~ ~ ( P D C E S T  / (~ummy f o r 1  Dummy I Dummy I ~ d j u 2 t e d l  I 1 sample 
I Iln(PDCEST)*lPDCEST 5 1 I n s u r e d  I f o r  1972 1 f o r  1973 1 R I DW I SEE l ~ e r i o d  t -1  ---------+----------+-----------+-----------+---------+----------+----------+--------+-----+--------+------ 
Parking 1 -0.4768291 1.19065 1 -0.569233 1 1 I 1 0.995 1 1.334 10 -0 17943 ( 1960- 
and Fees )(-4.2366711 (44.9408) )(-3.32827) 1 I I I I I 1 1976 -- -+-----+----+-----------+-----------+---------+----------+----------+--------+-----+--------+------ 
Insurance1 -2.028731 1.48049 1 0.549752 1 0.2013321-0.06093581-0.08951371 0.988 )0.763(0.03595311960- 
1 ( -6.0859))  (20.1498) 1 (1.49733) 1 (5 .22561) ( ( -1 .28994)1( -1 .77074) l  I I 1 1976 
Note: * PDCEST is  t h e  i m p l i c i t  d e f l a t o r  f o r  consumer e x p e n d i t u r e s  o n  s e r v i c e s .  The dependent  v a r i a b l e s  
a r e  i n  l o g  form. 
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TABLES FOR CHAPTER THREE 
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TABLE B-4 
Mark I1 
Scrappage Equat ions  
1 
( t - s t a t i s t i c s  i n  p a r e n t h e s e s )  
I I INDEPENDENT VARIABLES 
DEPENDENT ( I------------------------------------------------------------------------------------------------ 
VARIABLE 1 I l n  ( Desired ) I l n (01d  Car ( I 1 l l n [ ( w ~ /  I l n [ ( w ~ /  l l n [ ( ~ ~ /  
I Constant  ) s t o c k  Pe r  I l n ( ~ v e r a ~ e 1  P r i ce /  1 ln(Unem- 1 Dummy I Dummy ) s t o c k ) /  1 ~ t o c k ) - ~ / l ~ t o c k ) - ~ /  
Type of 1 ) E x i s t i  g ) Age of ( s c r a p  ~ e t a l l  ployment I Auto I f o r  ) (VMT/ 1 (mT/  1 (WT/ 9 
Vehicle 1 I S tock)  ) v e h i c l e I 3  I P r i c e )  I R a t e )  1 S t r i k e s  1 1973 1 ~ t o c k ) - ~ l  I ~ t o c k ) - ~ l  l ~ t o c k ) - ~ l  
----------+----------+----------+----------+-----------+----------+----------+---------+----------+---------+--------- 
Personal  I -7.384381 -0.8699791 3.38872 1 -0.168516 1 -0.4024111 -0.2642771 0.1160951 3.3427891 3.652721 2.51009 
Vehicle )(-5.67406))(-2.47045)1(4.15645) )(-2.95811) )(-5.08192)1(-3.17074)) (2.5919)l (5.08436)1(4.90658)1(3.45988) 
----------+----------+----------+----------+-----------+----------+----------+---------+----------+---------+--------- 
Autos 1 -7.20088) -1.095371 3.25543 1 -0.165658 1 -0.4238861 -0.2566221 0-1190721 3.551921 3.662141 2.47816 
( (-5.5168)l (-2.4753)1(4.04197) I(-2.83204) ((-5-01446)1(-2-98241)1(2*60484)1 (5.1658))(4.68848))(3-28273) 
----------+----------+----------+----------+-----------+----------+----------+---------+----------+---------+--------- 
~ommerc ia l l  -8.76271 -0.3400351 3.08657 ( I I I 1 0.2398481 1.324091 1.24414 
LDTs I(-6-24947)l (-2.54033))(3.99875) ( 1 1 1 1(0.432125)1(3.38861)1(2,72287) ...................................................................................................................... 
........................................................................................................................ 
DEPENDENT VAFUABCE I STATISTICS 
I----------------------------------------------------------------------------------------- 
1 Adjusted R 
2 
Type of Vehic le  I D W I SEE I Sample P e r i o d  
------------------------------+-----------------------+-----------------+---------------------+------------------------- 
Personal  Vehicle I 0.916 1 2.336 I 0.0038617 I 1960- 1976 
Autos I 0.909 I 2.261 I 0 -039662 I 1960- 1976 
Commercial LDTs I 0.663 I 1.34 I 0.050871 1 1959-1976 ........................................................................................................................ 
Notes : 
1. The dependent va r i ab l e s  a r e  lnE(Tota1 v e h i c l e  scrappage - Given v e h i c l e  scrappage) / (Beginning of t h e  y e a r  s t o c k  + New 
c a r  s a l e s ) ] .  Given scrappage is  s tock  of v e h i c l e s  over  20 yea r s  o l d  f o r  a u t o s  and p e r s o n a l  veh i c l e s ,  and ove r  30 f o r  
Commercial LDTs. 
2. By type of veh ic le ;  e x i s t i n g  s t ock  equa l s  beginning-of-year s t ock  p l u s  new-vehicle r e g i s t r a t i o n s .  
3. By type  of vehic le .  
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